Summary. The possible association between residual B-cell function and specific HLA antigens in Type 1 (insulin-dependent) diabetes was studied in a cross-sectional series of 144 diabetic children and adolescents, as well as in a prospective series of 44 newly diagnosed diabetic subjects who were observed for the initial 2 years of their diabetes. In the crosssectional study, the HLA-Dw3/Dw4 heterozygotes had a lower mean serum C-peptide concentration during 1980, 0.03 + 0.01 nmol/1 (mean__+_ SEM) vs. 0.09 + 0.01 nmol/1 (p < 0.02), as well as a lower 24-h urinary C-peptide excretion, 0.27 + 0.06 nmol/m 2 vs. 1.34 + 0.19 nmol/m 2 (p < 0.05), than the other subjects. In addition, the Dw3/Dw4 heterozygotes had a clinical remission of shorter duration, 113 + 47 days vs. 203 + 22 days (p < 0.05), and a higher mean glycosylated haemoglobin level during 1980, 14.8+0.05% vs. 13.7+0.2% (p <0.05), than those without the Dw3/Dw4 combination. In the prospective study the serum C-peptide concentrations were of the same magnitude in the Dw3/Dw4 heterozygotes and the other subjects during the first month. Subsequently the C-peptide concentrations in the subjects with the Dw3/Dw4 combination started to decrease 2 months earlier than in the other subjects. The Dw3/Dw4 children had a significantly lower serum C-peptide concentration at 21 months, 0.01 _ 0.01 nmol/1 vs. 0.13+0.02nmol/1 (p<0.01), and at 24months, 0.03+ 0.01 nmol/1 vs. 0.12_ 0.02 nmol/1 (p < 0.05). Our observations suggest that Dw3/Dw4 heterozygosity is, at least in children, associated with a distinct form of Type I diabetes characterized by a rapid B-cell destruction, a clinical remission of short duration and poor metabolic control. This expands the concept of genetic heterogeneity within Type I diabetes in childhood, and may have important implications for research on the aetiology, pathogenesis and natural history of the disease.
sion, metabolic control.
HLA studies in subjects with Type 1 (insulin-dependent) diabetes have accumulated considerable evidence for genetic heterogeneity within the disease [1] [2] [3] [4] [5] . It appears that there are at least two different susceptibility genes linked to the HLA region. One is associated with HLA-D(R)3 and the other with -D(R)4. The D(R)3 positive form has been reported to be accompanied by the persistence of cytoplasmic islet cell antibodies and the lack of an antibody response to exogenous insulin [6] . The D(R)4 positive form seems to be characterized by clinical manifestation at an early age and an exaggerated formation of insulin antibodies. The possible relationship between HLA antigens and residual B cell function in Type 1 diabetes in controversial [7] . Recently Hoogwerf et al. [8] have demonstrated an increased meal-stimulated C-peptide response in HLA-DR4 positive diabetic patients, whereas some other studies have failed to show any correlation between HLA determinants and circulating C-peptide concentrations [9, 10] .
Since it has been speculated that the high risk antigens in or related to the D locus may be directly involved in the pathogenesis of pancreatic B cell destruction [5] , we decided to study whether there are any associations between endogenous insulin secretion and specific HLA antigens in children and adolescents with Type 1 diabetes.
Subjects and methods

Subjects
The study consisted of a cross-sectional as well as a prospective section. The cross-sectional study included 144 HLA-typed children and adolescents (82 boys) who visited the Diabetes Clinic in the Department of Paediatrics, University of Oulu, regularly during 1980. The age of the subjects was 12.2 + 0.3 years (mean+SEM, range 4.0-19.2years). The mean age at diagnosis of diabetes was 7.4+ 0.3 years (range 0.9-16.7 years), whereas the mean duration of the dis- . These subjects were observed for the initial 2 years. All children were seen regularly in the Diabetes Clinic at intervals of 1 to 3 months. The aim of the treatment of the patients was clinical well-being, the absence of diabetic symptoms, normal growth and an optimal metabolic control. Treatment consisted of highly purified insulin once or usually twice daily, a regulated diet and the recommendation of regular physical exercise.
In the cross-sectional study a venous blood sample for the assay of serum C-peptide and blood glycosylated haemoglobin A1 (HbA1) was obtained at every visit to the Diabetes Clinic. An individual mean serum C-peptide and mean HbA1 were calculated on the basis of all determinations (n=2-8/subject) from each subject during 1980. The patients were studied in the postprandial state between 10.00 h and 12.00h (i.e. between breakfast and lunch). In addition, a 24-h urine sample was collected once from the subjects for the measurement of urinary C-peptide excretion. In the prospective study the first sample for the determination of serum C-peptide concentration and I-tbA1 level was taken before the initiation of the insulin therapy. The following two samples were taken 10 days and 3 weeks after the commencement of insulin therapy in the morning before insulin injection and subsequently every 3 months from diagnosis at visits to the Diabetes Clinic. A blood sample (10 ml) was obtained once in heparinized tubes from all subjects for HLA-typing.
Clinical remission was defined as that period which occurs shortly after the diagnosis of diabetes when the daily insulin requirement is smaller than 0.5 U/kg and glucosuria is absent or minimal (< 5% of the carbohydrates in the recommended diet), and which lasts for at least 1 month [11].
Methods
Serum C-peptide concentrations were analyzed according to Heding [12] using antiserum M 1230 (Novo Research Institute, Bagsvaerd, Denmark). Antibody-bound proinsulin was separated from C-peptide by polyethylene glycol before the assay [I 3] . The sensitivity of the assay was 0.02 nmol/1 and t,he interassay coefficient of variation 10%. Urinary C-peptide was quantified by the same method in samples diluted 1 : 20. If necessary, the assay was repeated in more (1 : 40) or less (1 : 10) diluted samples. Accordingly the sensitivity of the urinary Cpeptide assay was 0.2nmol/1. The 24-h urinary C-peptide excretion was expressed in relation to the body surface area. The reference range of 24-h urinary C-peptide excretion in our laboratory was 4.5-17.0nmol/m 2 in non-diabetic children. HbA1 levels were measured by ion-exchange chromatography using a modification of the method described by Welch and Boucher [14] . The reference range in nondiabetic children was 7.0-10.2%, with a mean_+SEM of 8.6+ 0.1%. Eight HLA antigens in the A locus (A1, 2, 3, 9, 10, 11, w19 and 28), 16 in the B locus (B5, 7, 8, 12, 13, 14, 15, w16, 17, 18, w21, w22, 27, w35, 37 and 40) and four in the C locus (Cwl, w2, w3 and w4) were determined by the standard two-stage microlymphocytotoxicity test. HLA-D typing was done with local homozygous typing cells defining specificities Dwl, w2, w3, w4 and w6 [15] .
Statistical analysis
The data were statistically evaluated by cross-tabulation and the Fisher exact probability test or chi-square statistics, by the Student's t-test in the case of normally distributed variables and the Mann-Whitney U-test in the case of unequal distribution. The results are expressed as mean _ SEM.
Results
Eighty-eight children (61.1%) in the cross-sectional study had a mean serum C-peptide concentration higher than the detection limit. The mean of individual mean serum C-peptide concentrations was 0.07+ 0.01 nmol/1 (range 0.00-0.47 nmol/1). The urinary Cpeptide excretion exceeded the detection limit in 87 patients (60.4%). The mean 24-h urinary C-peptide excretion was 1.19_+0.17 nmol/m 2 (range 0.00-15.11 nmol/ m2). The urinary C-peptide excretion was within the reference range of nondiabetic children in 13 diabetic children (9.0%). The 24-h urinary C-peptide excretion correlated strongly with the mean serum C-peptide concentration (r= 0.79; p < 0.001). There was no relationship between mean serum C-peptide concentrations or 24-h urinary C-peptide excretion and any particular HLA antigen in the A, B or C locus (data not shown). The presence of a single high risk antigen in the D locus did not affect the residual B cell function (Table 1) . However, the Dw3/Dw4 heterozygotes had both a decreased mean serum C-peptide concentration and a In the prospective series, the Dw3/Dw4 heterozygotes had a younger age, 6.7 +2.5 years, at diagnosis than those without the Dw3/Dw4 combination, 9.8 + 0.7 years, although the difference was not statistically significant. However, the proportion of children under 5 years of age at clinical manifestation was higher among the Dw3/Dw4 heterozygotes than among the other diabetic children (p < 0.02).
Discussion
lower urinary C-peptide excretion than the other subjects.
The subsequent analysis of characteristics of the clinical course and metabolic control in Dw3/Dw4 heterozygotes showed that there were no significant differences in the age at clinical manifestation of diabetes or in the duration of the disease between the Dw3/Dw4 heterozygotes and the other diabetic children ( Table 2 ). The daily insulin dose was of the same magnitude in both groups. On the other hand, the Dw3/Dw4 heterozygotes had a shorter clinical remission and a higher mean HbAt level during 1980 than those who carried one or no high risk D antigen.
In the prospective study the serum C-peptide concentrations were of the same magnitude in the Dw3/Dw4 heterozygotes and in the other subjects at clinical manifestation and during the first month after diagnosis (Fig. 1) . However, the B-cell function started to decline in those with the Dw3/Dw4 combination after 3 weeks, whereas the C-peptide peak occurred more than two months later in the other children. Subsequently the Dw3/Dw4 heterozygotes had lower serum C-peptide levels; from 21 months onwards the endogenous insulin secretion was significantly decreased (21 months: p < 0.01 ; 24 months: p < 0.05) in the Dw3/Dw4 heterozygotes in comparison with the other patients.
None of the six Dw3/Dw4 heterozygous patients had ketoacidosis at onset, whereas 24 out of the 38 Dw3/Dw4 nonheterozygotes (p <0.01) were ketoacidotic at diagnosis. The daily dose of exogenous insulin was lower in the children with the Dw3/Dw4 combination during the initial treatment (day 1:0.53 ___ 0.06 vs. 1.27 ___ 0.12 U/kg ; p<0.05 and day10:0.34+0.06 vs. 0.55 + 0.04; p < 0.05) than in the remaining subjects. On the contrary, the daily insulin dose was higher at 21 months' duration in the Dw3/Dw4 heterozygotes This study provides evidence for the existence of a distinct form of Type 1 diabetes in childhood associated with Dw3/Dw4 heterozygosity. Our observations indicate that this form is characterized by a reduced residual B-cell function, a clinical remission of short duration and a particularly impaired metabolic control. The prospective study suggests that the reduced B-cell function in Dw3/Dw4 heterozygotes is a consequence of an accelerated B-cell destruction during the initial course of the disease.
The mechanisms behind the low endogenous insulin secretion in Dw3/Dw4 heterozygotes remain to be defined. Our results are compatible with the hypothesis of an aggregation of diabetogenic factors in D(R)3/D(R)4 heterozygotes. The subjects with this combination are known to carry an increased relative risk of diabetes even when compared to homozygotes with D(R)3 or D(R)4 [5, 16, 17] . There is also a more common occurrence of D(R)3/D(R)4 heterozygotes in familial cases and among those of a young age at diagnosis [16, 18] . The higher risk of these heterozygotes may be due to an exaggerated vulnerability of their B cells to various damaging agents, which after the manifestation of overt diabetes can be reflected in a more rapid destruction process of the B cells.
In a previous study Ludvigsson et al. [19] found a tendency towards a decreased incidence of detectable serum C-peptide concentrations in diabetic children with the HLA-B8/B15 combination. Since Dw3 and Dw4 are in linkage disequilibrium with B 8 and B 15, our findings substantiate their observations. On the other hand, the present results are contradictory to those of Hoogwerf et al. [8] , who reported a positive association between HLA-DR4 and residual B-cell function. This may be due to the fact that insulin antibody-bound proinsulin was not removed from the serum samples before the assay of C-peptide in that study. The potential significance of this drawback is emphasized by their concomitant observation of increased insulin antibody levels in DR4 positive subjects. Another possible explanation to the conflicting results is that we studied Dw antigens defined by homozygous typing cells, whereas serologically defined DR antigens were determined in the other study. Bach et al. [20] observed in a recent study a considerably increased frequency of Dw4 in DR4 positive diabetic patients as compared with controls. They concluded that Type 1 diabetes may be more closely related to the Dw than to the DR antigens. Similarly Sheehy et al. [21] showed in another report that a particular subset of the DR4 antigen, called "DR4S", accounts for all or at least most of the DR4 association in Type I diabetes. Those observations as well as our present results suggest that that Dw typing may be more discriminating than DR typing in the analysis of the genetic and clinical heterogeneity of Type I diabetes.
In the cross-sectional series of the present study there was no significant difference in the mean age at diagnosis between the Dw3/Dw4 heterozygotes and the other subjects 'whereas the proportion of young children was increased among the Dw3/Dw4 heterozygotes in the prospective series. The latter observation is in agreement with the age distribution in a larger series of Finnish diabetic children [22] . In previous studies [23] [24] [25] , an early age at the clinical manifestation of diabetes has been shown to be a factor with a negative effect on the residual B-cell function. This could be a consequence of a greater number of subjects with the Dw3/Dw4 combination and accordingly an accentuated vulnerability of their B cells in the young age groups. On the other hand, it must be noted that a diabetogenic insult at an early age may eliminate the subsequent growth of the B-cell mass, the absolute amount of which increases fourfold from infancy to adulthood in nondiabetic individuals [26] .
In the prospective series the Dw3/Dw4 heterozygous children had a milder metabolic decompensation at the clinical onset of diabetes. This explains at least partly why the Dw3/Dw4 heterozygotes managed with significantly less exogenous insulin than the other patients over the initial 10 days. Previous observations [23, 27] that a more intensive initial insulin treatment can result in a prolonged preservation of the residual B-cell function and a clinical remission of longer duration, may to some extent be due to an over-representation of Dw3/Dw4 nonheterozygotes among those patients who initially need high insulin doses for the correction of the metabolic derangements at diagnosis but later have a milder clinical course.
Our results give further support to the concept of heterogeneity of 'Type I diabetes and focus attention on the need to differentiate the distinct forms of the disease in research on the aetiology, pathogenesis as well as the natural history of diabetes. The present evidence of a clinically more severe course in the initial phase of diabetes in Dw3/Dw4 heterozygous children is a challenge to further studies on the possible relation between Dw3/Dw4 heterozygosity and the long-term prognosis of the disease. In a study on monozygotic twins, Nelson and Pyke [28] found that the concordant pairs developed diabetic complications more frequently and severely than the discordant pairs and that the B8/B15 combination was over-represented among the concordant twins. Their observations indicate that Dw3/Dw4 heterozygosity may also be related to the long-term complications of Type 1 diabetes. Finally, the present findings may have implications for the treatment of children with Type I diabetes; the subjects with the "unfortunate" Dw3/Dw4 combination will need particularly efficient therapeutic measures to have a better chance of coping with their disease.
